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First generation e+e&olliders

Colliders era begins in @8 with ADA(Frascati, Italy)yEP1 (BINP, Novosibirsk,
Russia) and PrincetestanfordCBX{Stanford, USA). With small delay these
first colliders were followed witVEPF2 at NovosibirskACCat Orsay, France,
and ADONEat Frascati, Italy.

The luminosity of first colliders did not exceed few unitd @® cnt°s?. This
was mainly due to verigigh value of the verticdleta function | at IPand very
low collision frequency.

The next generation of colliders pursued the idea of compressing the
magnitude of the vertical betaunctionat IP to fewcentimeters:] , was made
comparable with thdength of thebunch.That wereVEPF2M at BINPSPEAR
at SLAA)ORI&t DESY anlgw other collidersThis gave an increase In
luminosity of about two orders ahagnitude.




AdA and VEP as museum showpieces
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Precise energy calibration using the resonant depolarization techn

The SokoloMernov mechanism provides fast enough-palfarization of e+ebeams by SR.
This was confirmed experimentaldly VEPF2 and ACQOn late 66th.

At low energies the Touschek polarimeter became most suitable for the control of beam
polarization. At higher energies most promising is the laser light Comptorsbatikring
technique.

Since 70th were measured using the resonant depolarization method the masses of all
guarkonium bound states up tof@mily. This technique was developed initially in BINP at
VEPR2M and VEPR! and later refined and futher developed in other labs.

AtVEPRP2M in 1987 it was done an experiment on comparision of anomalous magnetic
moments of electrons and positrons at relativistic energies.

One of the most remarkable achievement was also an extremely precise mass determin
of Z-peakat LEHNn CERN.



Beambeam effects and ideas on how to suppress the

Neglecting the hour glass effect and assuming equal number of paricdesl of the
transverse beam sizes one can write the luminosity formula as:
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Round symmetry of the shape oblliding beams gives much larger profituminosity than
just factor 2due to increase of the attainable beabeam parameter.abouts 1@ dor
round beams instead o6 1@t ufor flat beams.

Thisfact was in the basi®r our decision tobuilt the unique collider VERPEO0O0 with round

beams at BINP. In comparison with VE2RPwe get more than a factor of 10 for the
luminosity.



VEPP2000 e+ecollider with 13Tesla solenoids for FI
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Beamenergy 150- 1000 MeV
N of bunches 131

N of particles 1310

Betatron tunes 4.14/2.14
Beta 8.5cm

BB parameter 0.1

Luminosity 13 10%2 cmr?st

A Round beams concept A 2.4 TeslaNC dipoles @ 1 GeV
A 13 T solenoids foFF A Compton Back Scatterinigr
energy control
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Round beams concept

Axial symmetryof the bearrbeam kick+ X-Y transport matrix symmetry from IP
to IP.

L

Additional integral of a motion

(The longitudinal component of the angular momeniaMjy - xy;j)
Non-linear dynamics becomes cdanentionaj
The resonance chart

becomes less dense Higher bearrbeam limits
Requirements to the optics:

A Head on collision

A9 |j dzifuhctions atlP: b, =
J : / Round beams
A Equal transverse emittances: ex :y
Ty=T,
A Equal fractional parts of tunes: n, =,
F.M. lIzrailev, G.M. Tumaikin, I.B. Vasserman. Preprint INP 79-74, Novosibirsk,(1979).
L. M. Barkov, et. al, Proc. HEACC689, Tsukuba, Japan, p. 1385.
S. Krishnagopal, R. Siemann, Pr oc. PAC0689, Chicago, p. 836.
V. V. Danil ov et al., EPAC0696, Barcelona, p.1149.

S. Henderson, et al., Proc. KKRBAGCGEOIBes New York, p.410.



VEPR2000 luminosity vs beam energy dependence
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Double ring colliders: first attemps

At DESY In ‘AD one of the first double ring machine was b@IDORISH. Nesemann, et al:
Particle Accelerator Conf. (1983) 1998

In this machine beams wet@ought into collision with vertical dipoles in the IR and had a
vertical crossingngle. Unfortunatelly, very strorgynchrebetatron resonanceseverely
limited the attainable beanbeam tune shifts and subsequently the luminosity. After these
dramatic studies DORIS was converted to operation in a single ring mode and made sign
contributionto B-mesonphysics.

An attempt to increase the luminosity viampensation of the bearheam space chargeas
done at Orsay where thi®ur bunches collision schena¢ DCiwas implementedin this
machine two rings were vertically separated and-d@x@ches in each ring rotate in opposite
directions relative to another ring. By vertical magnetic bends four bunches (2e+ grare
merged at the IP and the total their space charge is zero. In spite of very accurate orbit tu
severe coherent and incoherentbeainS 'Y Ay aidl oAt AGASa @ SNDB
Most of the time DCI was operated with two single rings independently, doubling the
luminosity. J LeDuff, et al: XI High Energy Accelerator Conf. (1980) 566.



Multibunch double ring colliders

Single ring colliders, such as PEP, CESR, LER, YEHRS, PETRA and few others operated
very well with dozens of circulating bunches but their performanaslimited by low collision
frequency.

Breakthroughwas done by teams at SLAC , KEKFaascati labsvith B- and Phifactories
projects: PEFI, KEKEandDAFNE

Multibunch operation mode supplementeaith the top upinjection scheme resulted in a
huge luminosity increase: by 2 orders of magnitude at least in comparison with previous
machines!

PEFI and KEKBvith thousands otirculatingbunchesn each ring reached theminosity of
up to(1.2H ® m & cni?st.n

At DAFNperatedwith muchlower beam energiethe luminosity was obtained above5
1102 cmrést,



Crab Waist (CW) concept

In course ofSuperBoroposal P. Raimondi suggested a concept of crab waist colisimme.
See PRaimondi: 2nd SuperB Meeting, Frascati (2006Raimondi, D. Shatilov, Mobov, inProceedings of EPAC08,Genoa,

Italy:26202622,2008.
Thisconcept was successfully provediaFNEn special runs withouthe detector field. Now almost all new

projects are relying on that approach, includingGze at CERN an@EP @ China. In Novosibirsk we also intend
to built the TauCharm factoryand smalimu-mu-tron collider with this principle in the basis.

Main idea of the CW is to install downstream and upstream fiBrtwospecial sextupoles which modify the
vertical betafunction at IP in such a waat longitudinalposition of a waists proportional to thex-coordinate.

A Particles in one beam shall collide with
D By other beam always at its axis. This
, [ ll dramatically reduces modulation tfe
’.‘ o \1 ’ beambeamtune shift. That modulation
l. . IS caused by crossing angle geometry.
— y Alarge intersection angle and small
Y 0. > > %0, horizontalemittance allows us to reduce
/ | ~ the vertical beta function value to few
f submillimeters!

Koop, e+ecolliders 12



KEKB upgrade to SuperKEKB

Colliding bunches

S —
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e-26A New Superconducting /
. ~ \ permanent final focusing
quads near the IP
Nano—Beam [e 36

— SuperKEKB

Replace long TRISTAN

dipoles with shorter ones /
(HER).

GRL B

Redesign the HER arcs to squeeze
the emitance.

Lk .
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* Add / modify rf systems

for higher currents.

Damping Ring

Low emittance positrons to inject

Low emittance gun

Low emittance electrons to inject >
VEG Pump)

New positron target / capture section

[SR Channel)
[Beam Channel)

TiN coated beam pipe with
antechambers
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From YOhnishreport
at 15th KEKB review,
Feb/1517/2010
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Comparison of parameters KEKB/SuperKEKB

KEKB KEKB Achieved SuperKEKB

Design : with crab Nano-Beam
Energy (GeV) (LER/HER) 3.5/8.0 3.5/8.0 4.0/7.0
B,” (mm) 10/10 5.9/5.9 0.27/0.41
e, (nm) 18/18 18/24 3.2/2.4
o,(um) 1.9 0.94 0.059
< 0.052 0.129/0.090 0.09/0.09
o, (mm) 4 ~6 6/5
oo (A) 2.6/1.1 1.64/1.19
N unches 5000 1584 2503

Luminosity (1034 cm2 s1) 1 2.11 80



Luminosityexpectations asuperKEKB
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The Novosibirsk Super Chariau Factory Project

A.Bogomyagkov et al., talk given at 2@20 joint international
workshop for SupeCharm Tauracility,
16-18 November 2020
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